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1. Introduction
This document provides our view on some of the key remaining issues for the Rel-17 Coverage Enhancements work item, as highlighted in [1], and also highlights some other impacts yet to be discussed.
2. Requirements on non-zero gap between PUCCH/PUSCH transmissions
In RAN4#101bis-e, the following options were down-selected for further agreement:
· Option 1: RAN4 do not introduce new transmit off power, i.e., no requirement applies during the gap.
· Option 4: No consensus reached in RAN4, LS back to RAN1.  
This issue has been discussed for a number of meetings, with technical analysis provided based on the assumptions of required to allow phase continuity, and RAN4#102-e is the final meeting for finalising core requirements. Therefore we believe that Option 1 is the only feasible way forward if companies see the value to cover the non-zero gap scenario in Rel-17.
Proposal 1: Agree Option 1. RAN4 do not introduce new transmit off power, i.e., no requirement applies during the non-zero gap. 
3. Test requirements and associated conditions
3.1 Status
At RAN4#101bis-e, agreements were made related to the test configuration and requirements:
Agreement: 
· The assumption at test equipment:
· The phase error should be measured slot by slot
· FFS: down-select between the following two options
· Phase offset Option 1: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot 0.
· Phase offset Option 2: for each individual slot k (k=1…n) within the bundle, an independent offset is generated and applied with respect to the slot k-1. (i.e., the offset is allowed to accumulate)
· Only use phase error as test metric, unless the problem is identified
· The common frequency error of UE should be corrected at test equipment per slot basis in the way similar to that done in EVM testing.
· The channel estimation should be done for each slot and JCE is precluded
· The TPC command for UE transmission won’t be adjusted during the testing window
· Pcmax is configured such that UE transmits at the highest power during the test.
· The downlink received power for UE should not be changed.
· There is no uplink transmission gap during testing window.
· There is no additional transmission power requirement specific to coverage enhancement.

Agreement: Down select between the following two options: 
· Option 1: Adopt [-30, 30] degrees if Phase offset Option 1 in Issue 1-1 is agreed.
· Option 2: Adopt [-15, 15] degrees if Phase offset Option 2 in Issue 1-1 is agreed.

3.2 Some outstanding issues
3.2.1	Frequency error correction aspects
While frequency error is required to be corrected per slot by the TE, there are a few items still not clarified:
1) That the correction required shall be estimated in every slot
2) How well such correction is required to be performed by the TE. The magnitude of residual frequency error will affect the level of phase error remaining post-frequency error correction. 
Proposal 2: Improve the agreement on frequency correction by TE from RAN4#101bis-e, such that “the level of correction required shall be estimated in every slot by the TE”.
Observation 1: There seems to be an “unknown” error component in terms of phase error due to residual frequency error after frequency error correction at the TE. As phase error may increase with time due to frequency error, the magnitude of absolute level of any residual error may increase as bundle size increases.
It is assumed (but not written down as an agreement) that the DL signal frequency shall exhibit the same behaviour as in the EVM test, i.e. that it shall not change in frequency. Also, from the UE perspective, we believe that the same freedom for the UE should be assumed as for the existing EVM test, given that there is no intention to refine the UE Frequency Error requirement.
Proposal 3: There should be no additional restrictions put on UE behaviour regarding frequency adjustments compared to existing specifications.
Proposal 4: Confirmation is required that the TE DL signal frequency shall not change during the JCE test.
3.2.2	Phase model selection
Due to uncertainty regarding the frequency error and any residual phase error generated from that, we believe that the Option 2 model has the best possibility of overcoming such potential issues. 
Proposal 5: Select Option 2 phase model.
It was pointed out in simulations provided to R4#101bis-e that Option 1 and 2 are roughly similar for ≤8 slots when Option 1 at ±30 degrees and Option 2 at ±20 degrees. Option 2 was shown to cause degradation for 16 to 32 slots, and the ±15 degrees limit for Option 2 is currently tentatively agreed (in square brackets) considering 16 to 32 slots as the operating point, however in scenarios with lower slots the ±15 degree limit would seem to actually put more restriction on the UE for no benefit. Also, we believe ≤8 slots to be a more relevant operation scenario in practical deployments.
Proposal 6: For Option 2 phase model, agree a phase tolerance of ±20 degrees for bundle sizes of ≤8 slots.
3.2.3 DL signal timing:
It has been assumed in previous meetings that the DL signal timing would not change during the test. This needs to be confirmed as it is not stated anywhere.
Proposal 7: DL signal timing shall be maintained constant by the TE during the test case.
4. Feature operation in field conditions
4.1 Potential side events
Section 3 has focused on the assumptions and stable set of conditions required for testing purposes. However, in real field conditions the same level of stability cannot be ensured. In order for the feature to operate effectively between BS and UE, it would be helpful to agree on expectations. More specifically, issues still need to be addressed for the following “side events”: 
1) It has been agreed that UL timing shall not be autonomously changed by the UE. However, in real life where there is not a perfect DL signal this may mean that, after the transmission of the bundle, the UE would require a larger timing shift than the Gradual Timing Adjustment requirement enables. Such an exception would need to be addressed in TS38.331 by the RAN4 RRM session.
2) Under test conditions, the DL power should be fixed, and it is left up to implementation whether UL power changes are made. However, such power changes are unlikely to occur. In real life, the following scenarios may occur during a JCE bundle transmission, that may lead to the UE being unable to maintain phase:
a) A DL Rx power change may cause a change in estimated path loss at the UE, which may potentially lead to a change (most likely a reduction) in UL Tx power (see 38.213 behaviour) and Tx configuration change.
b) An internal event in the UE may identify a need to change the Tx power due to P-MPR - see 38.101-1/2 requirements.
Base Station implementations should take this into account that UL Tx power changes caused by events a) and b) may lead to a failure to maintain phase within the tolerance level required in RAN4 tests.
3) Under test conditions, the DL frequency is not expected to change, minimising the need for the UE to apply UL frequency corrections. However in real life, there may be changes in the DL channel that drive a frequency correction. Such corrections therefore may take place at the UE, and this fact should be taken into account by the Base Station.
Observation 2: All of these potential events may occur, and restricting the UE operation may lead to adverse side-effects that counter-act the benefits of JCE.
Proposal 8: Consider exceptions to Gradual Timing Adjustment due to prevention of autonomous changes to UL timing at the UE during a JCE bundle.
Proposal 9: Add a note to the spec to reflect the following: “NOTE: In practical field conditions, the need for the UE to autonomously adjust frequency and power to maintain the radio uplink baseline performance may impact phase continuity in some scenarios. The UE reported capability is not required to take the potential presence of such events into account.”
5. Maximum duration
Currently 5, 8, 16, 32 are discussed as UE capabilities reported per band. This is on the understanding that the highest modulation order for any signal is QPSK.
As there was a desire to remove options, we believe that removing at least “32” would be most appropriate, when considering all of the following issues:
4) Likelihood of needing or being able to configure 32 consecutive UL timeslots for the UE.
5) Likelihood of events occurring that may break phase continuity.
6) Length of time during which the channel may be observed to be sufficiently coherent to benefit from JCE, and consideration of the gain needed for FDD to overcome system bottlenecks.
7) Likelihood of UL non-zero gaps being needed, which negatively impact UE battery life.
8) The fact that BS demodulation requirements are only considering a maximum of 8 consecutive slots.
Proposal 10: Remove at least the value “32” from the list of maximum duration UE capabilities, and preferably also 16 slots.
6. Proposal
We propose the following:
Proposal 1: Agree Option 1. RAN4 do not introduce new transmit off power, i.e., no requirement applies during the non-zero gap. 
Proposal 2: Improve the agreement on frequency correction by TE from RAN4#101bis-e, such that “the level of correction required shall be estimated in every slot by the TE”.
Observation 1: There seems to be an “unknown” error component in terms of phase error due to residual frequency error after frequency error correction at the TE. As phase error may increase with time due to frequency error, the magnitude of absolute level of any residual error may increase as bundle size increases.
Proposal 3: There should be no additional restrictions put on UE behaviour regarding frequency adjustments compared to existing specifications.
Proposal 4: Confirmation is required that the TE DL signal frequency shall not change during the JCE test.
Proposal 5: Select Option 2 phase model.
Proposal 6: For Option 2 phase model, agree a phase tolerance of ±20 degrees for bundle sizes of ≤8 slots.
Proposal 7: DL signal timing shall be maintained constant by the TE during the test case.
Observation 2: All of these potential events may occur, and restricting the UE operation may lead to adverse side-effects that counter-act the benefits of JCE.
Proposal 8: Consider exceptions to Gradual Timing Adjustment due to prevention of autonomous changes to UL timing at the UE during a JCE bundle.
Proposal 9: Add a note to the spec to reflect the following: “NOTE: In practical field conditions, the need for the UE to autonomously adjust frequency and power to maintain the radio uplink baseline performance may impact phase continuity in some scenarios. The UE reported capability is not required to take the potential presence of such events into account.”
[bookmark: _GoBack]Proposal 10: Remove at least the value “32” from the list of maximum duration UE capabilities, and preferably also 16 slots.
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